Bovine leukemia virus (BLV) infection causes a significant polyclonal expansion of CD5 ϩ , IgMϩ B lymphocytes known as persistent lymphocytosis (PL) in approximately 30% of infected cattle. There is evidence that this expanded B cell population has altered signaling, and resistance to apoptosis has been proposed as one mechanism of B cell expansion. In human and murine B cells, antigen binding initiates movement of the B cell receptor (BCR) into membrane microdomains enriched in sphingolipids and cholesterol, termed lipid rafts. Lipid rafts include members of the Src-family kinases and exclude certain phosphatases. Inclusion of the BCR into lipid rafts plays an important role in regulation of early signaling events and subsequent antigen internalization. Viral proteins may also influence signaling events in lipid rafts. Here we demonstrate that the largely CD5
Introduction
Bovine leukemia virus (BLV) and human T cell leukemia virus 1 (HTLV-1) are oncogenic retroviruses in the Deltaretrovirus genus. Both viruses can cause preneoplastic expansion of host lymphocyte populations. In BLV infection of cattle, the virus causes a persistent polyclonal expansion of IgMϩ, CD5 ϩ B cells (Letesson et al., 1991; Depelchin et al., 1989) , termed persistent lymphocytosis (PL). Since the majority of these CD5 ϩ B cells contain provirus (Mirsky et al., 1996) , this expansion significantly enhances blood-borne viral transmission from infected to naive animals. PL also is a predictor of later development of leukemia or lymphoma, consisting of CD5 ϩ B cells (Ferrer et al., 1979) . Therefore, viral alteration of the normal B cell population is critical for transmission and progression of disease.
The expansion of B cells seen in BLV-infected, PL cattle could be a result of either increased proliferation, decreased apoptosis, or both. Results from in vitro studies on sheep and cattle PBMCs support both hypotheses (Muscoplat et al., 1974; Stone et al., 1997; Trueblood et al., 1998; Dequiedt et al., 1997 Dequiedt et al., , 1999 Schwartz-Cornil et al., 1997; Cantor et al., 2001) . Recent in vivo work has shown that in BLV-infected sheep, increased proliferation rather than decreased apoptosis may be responsible for the increased numbers of B cells (Debacq et al., 2002) . However, BLV infection in sheep typically causes a progressive expansion of B cells and a high rate of leukemia (Dimmock et al., 1986; Djilali et al., 1987) , unlike PL in cattle where cell numbers expand and remain relatively high, but do not progressively increase. Further, even though PL in cattle is a risk factor for the subsequent development of leukemia/ lymphoma, many cattle with PL never progress to neoplastic disease (Ferrer et al., 1979) . In vivo work in BLVinfected, PL cattle suggests that there is increased cell survival due to decreased apoptosis, as well as decreased cell proliferation, thus accounting for the equilibrium of high B cell numbers (L. Willems, personal communication) .
There is substantial evidence that the CD5 ϩ B cells in BLV-infected, PL cattle not only have an increased survival time, but also respond differently to antigen and mitogen than do the largely CD5-negative B cell population in normal cattle (Jensen et al., 1992; Takashima and Olson, 1980; Zandomeni et al., 1992) . The resistance to apoptosis described in BLV-infected cells (Stone et al., 2000; Cantor et al., 2001 ) could be a result of resistance to signaling through the B cell receptor (BCR) (Eris et al., 1994) . The presence of CD5 on the expanded subset of B cells in PL cattle provides a clue as to mechanisms for increased survival of these cells compared to normal bovine B cells. The CD5 molecule is expressed on a long-lived subset of human and murine B cells, known as B-1a B cells (Stall et al., 1992; Youinou et al., 1999) , and mediates resistance to apoptotic signals in murine B cells made tolerant through chronic self-antigen exposure (Hippen et al., 2000) . In PL cattle, the CD5 molecule is constitutively dissociated from the BCR, and this correlates with protection from apoptosis following BCR signaling. Furthermore, experimental dissociation of the CD5 molecule and the BCR of B cells from normal cattle reduces BCR-stimulated apoptosis (Cantor et al., 2001) . This is consistent with in vitro experiments in murine B-1 B cells, where dissociation of CD5 from the BCR prior to stimulation results in decreased apoptosis (Bikah et al., 1996) . Thus the high CD5 expression on B cells in PL cattle may alter BCR signaling and help explain resistance to apoptosis.
Recent studies have shown that the early regulation of BCR response to antigen is likely controlled via entry of the BCR into specific membrane microdomains or platforms. These membrane microdomains are rich in sphingolipid and cholesterol and are termed "lipid rafts." Lipid rafts concentrate the BCR signaling molecules, Ig␣ and Ig␤ in proximity with early signal kinases such as Syk and Lyn, after antigen stimulation (Aman and Ravichandran, 2000; Petrie et al., 2000; Cheng et al., 1999) . Lipid rafts also serve to exclude some downregulatory phosphatases such as CD45. In immature B cells, and in tolerant B cells, which have higher surface expression of CD5, there is exclusion of the BCR from lipid rafts after stimulation (Sproul et al., 2000; Chung et al., 2001; Weintraub et al., 2000) . This may provide a physical mechanism for alteration of B cell signaling in response to antigen in these cells. Many enveloped viruses utilize lipid rafts for budding (Pickl et al., 2001; Scheiffele et al., 1999; Ono and Freed, 2001 ) and some viral proteins alter signaling when expressed within lipid rafts (Higuchi et al., 2001; Dykstra et al., 2001; Wang et al., 2000) . Because of the phenotype of the expanded population of B cells in BLV-infected, PL cattle and the observation that B cells from PL cattle differ from normal cattle in their response to BCR signaling, we hypothesized that there is altered BCR localization into lipid rafts in this virally induced phenotype. First, we determined that BCR stimulation of normal bovine B cells resulted in rapid translocation of the BCR into lipid rafts followed by internalization into the cytosol. We then demonstrated that in B cells from BLV-infected, PL cattle there is a significant resistance to lipid raft translocation and reduced internalization of the BCR after stimulation. We further demonstrated that this response did not appear to be altered by expression of BLV proteins.
Results

Identification of lipid raft fractions
In human and murine B cells, activation of signal pathways through the BCR involves movement of the receptor into specific membrane platforms that contain high densities of Src-family kinases such as Lyn. These platforms, termed lipid rafts, facilitate interactions between antigencrosslinked BCR and the plasma membrane-associated signal proteins (Pierce, 2002) . To enhance lipid raft fractionation of B cell proteins, PBMCs from BLV-negative cattle were first enriched from 15-30% B cells to 40 -70% B cell purity by panning, approximating the percentage of B cells in PBMCs from BLV-infected, PL cattle (Burny et al., 1988; Stone et al., 1995 Stone et al., , 1996 Stone et al., , 1997 . B cell percentages were verified by fluorescent antibody labeling. CD5 expression on panned B cells ranged from 16 to 36%. The percentage of cells expressing IL-2R changed an average of 0.18% between pre-and postpanning and the percentage of B cells expressing MHC class II changed an average of 3% between pre-and postpanned cells, suggesting that the panning did not result in appreciable B cell activation (data not shown). The cell lysates were fractionated by sucrose gradient to isolate the lipid raft (detergent-insoluble) fractions from the soluble membrane (detergent-soluble) fractions. Initially, fractions 1-12 were examined for inclusion of Lyn and exclusion of CD45 by immunoblotting (data not shown) as previously described (Cheng et al., 1999; Cherukuri et al., 2001; Aman and Ravichandran, 2000; Petrie et al., 2000) . After identifying fractions 3-5 as lipid raft fractions and fractions 10 -12 as soluble membrane fractions, individual fractions were subsequently pooled and designated as lipid raft fractions (LRF) or soluble membrane fractions (SMF) . Immunoblotting demonstrated that the lipid raft fractions 3-5 consistently contained Lyn (Fig. 1A ) while excluding CD45 (Fig. 1B) . This technique was then utilized to verify successful sucrose gradient fractionation for all subsequent experiments.
BCR stimulation of normal bovine B cells results in translocation of the BCR into lipid rafts
To determine if the BCR from normal bovine B cells moves rapidly into lipid rafts after stimulation, as reported for human and murine B cells, we immunoprecipitated the BCR from sucrose gradient fractions of enriched B cells from BLV-negative cattle. Prior to fractionation, the cells were left unstimulated or were stimulated with polyclonal anti-bovine IgM and warmed at 37°C for the indicated times ( Fig. 2A) and then subsequently biotin-labeled. The BCR was immunoprecipitated using anti-bovine IgM (designated "B" in Figs. 2A and 3A ) from protein-equivalent amounts of LRF and SMF. As a negative control, equivalent amounts of LRF or SMF were immunoprecipitated with goat antimouse IgM (designated "M" in Figs. 2A and 3A) , which minimally cross-reacts with bovine IgM. After separation of immunoprecipitates by SDS-PAGE, biotinylated BCR was detected with streptavidin-HRP. The BCR was largely excluded from the LRF in unstimulated, unwarmed B cells, and was primarily expressed in the SMF (Fig. 2A) . Translocation of the BCR into the LRF increased with anti-IgM stimulation and further increased with warming, up to 5 min. This coincided with a decrease in the amount of BCR in the SMF (Fig. 2A) . Relative BCR band intensities were determined by densitometry by designating the maximum intensity in the unstimulated, unwarmed SMF as 100% (Fig.  2B) . Percentage of maximum intensity of the BCR band in the pooled LRF and SMF was determined for each of three experiments. BCR band intensities increased from a mean of 15% in LRF of unstimulated cells to a mean of 49% in LRF of stimulated and 5 min warmed B cells in experiments from three cows ( Fig. 2B ) (P Յ 0.05). These results are consistent with findings in human and murine B cells (Cheng et al., 1999; Dykstra et al., 2001) .
BCR stimulation of B cells from BLV-infected, PL cattle does not result in significant translocation of the BCR into lipid rafts
PBMCs from PL cattle were isolated but not enriched for B cells since PBMCs in BLV-infected, PL animals typically contain a large percentage of B cells. The percentage of B cells in PBMCs from the PL cattle used in our study ranged from 35 to 85% and the CD5 ϩ B cells ranged from 68 to 90% of all B cells. The BCR was immunoprecipitated from BCR-stimulated and unstimulated PBMCs as described above. In unstimulated cells from PL cattle, the BCR remained largely in the SMF, similar to unstimulated cells from uninfected cattle. In contrast to the cells from uninfected cattle, after stimulation and warming there were no appreciable increases in BCR movement into the LRF and no concurrent decreases of the BCR in the SMF (Fig. 3A) . BCR band intensities in the LRF were calculated as the percentage of that seen in the SMF of unstimulated cells (considered to be 100%). The mean percentage of BCR band intensity in the LRF was 29% for unstimulated cells and did not significantly change in stimulated, warmed cells (data from three cows) (Fig. 3B) .
To confirm that panning of the uninfected cells did not account for the different BCR responses, PBMCs from one BLV-infected, PL cow were also panned. The B cell enriched preparation showed no movement of BCR into the LRF after stimulation, similar to the response of nonpanned PBMCs from PL cattle.
The BCR remains largely at the surface of B cells in BLV-infected, PL cattle but is efficiently internalized in B cells from BLV-negative cattle after stimulation
To examine the movement of the BCR on the cell surface and within the cytoplasm, we utilized confocal microscopy. PBMCs were isolated from BLV-negative or BLV-infected, PL cattle and either left unstimulated or stimulated and warmed as indicated in Fig. 4 . None of the cell preparations were panned. The cells were then centrifuged onto slides and incubated with antibody to bovine IgM followed by incubation to label F-actin. Lipid raft localization of the BCR precedes internalization (Stoddart et al., 2002) and F-actin is necessary for BCR internalization to endosomes prior to processing and presentation of bound antigen (Brown and Song, 2001) . Here, cells were examined by laser confocal microscopy at midsection and the figures shown are representative of independent experiments utilizing cells from two BLV-infected PL cattle, and five BLVnegative cattle (Fig. 4A ). For each experiment 200 B cells were examined for diffuse BCR surface staining, aggregated or punctate BCR surface staining, and internalization of the BCR. A mean of 75% of B cells from BLV-negative cattle showed punctate staining of the BCR on the cell surface by 2.5 min and 64% showed internalization of the BCR with F-actin colocalization by 30 min (Fig. 4B ). Both means were significantly different from the mean of nonstimulated cells for the same categories (punctate or internalized) (P Յ 0.05). Conversely, only a mean of 11% of B cells from PL cattle showed BCR aggregation after 2.5 min and only a mean of 7.5% showed internalization after 30 min. These means were not significantly different from the mean of nonstimulated cells for the same categories (punctate or internalized) (P Ͼ 0.05) (Fig. 4B) . Importantly, the mean percentage of cells in the "punctate" category at 2.5 min warmed and the "internalized" category at 30 min In cells from BLV-negative cattle, the BCR translocates into the lipid rafts after stimulation with anti-bovine IgM. B cell enriched PBMCs from BLV-negative cattle were either not stimulated and kept at 4°C for 30 min (Ϫ), or were stimulated with anti-bovine IgM for 30 min at 4°C (ϩ), then warmed at 37°C for the times indicated. (A) Cells were surface-biotinylated, lysed, and fractionated. Protein-equivalent amounts of the lipid raft and soluble membrane fractions were immunoprecipitated (IP) with either anti-bovine IgM (B) or anti-mouse IgM (M) as a control. IPs were separated by SDS-PAGE and the BCR was detected with streptavidin-HRP. Minimal cross-reactivity of the anti-mouse IgM antibody for bovine IgM was noted. These membranes are representative of three independent experiments. (B) The intensity of the BCR band in the unstimulated SMF was designated as maximum band intensity (100%). The percentage of intensity of the BCR band for the LRF and SMF of each treatment and warming time was determined. The results are the mean of three independent experiments. Error bars represent the standard deviation. Statistically significant differences of band intensities in LRF are indicated by different letters (P Յ 0.05).
warmed in BLV-negative cattle was significantly higher than for cells from BLV-infected, PL cattle (P Յ 0.05).
Viral protein expression after culture does not alter BCR localization
Because expression of viral proteins such as EBV LMP2A have been shown to alter BCR movement into lipid rafts (Dykstra et al., 2001 ), we examined LRF and SMF for BLV transmembrane (TM) expression as a measure of viral protein expression. BLV TM is expressed in cultured PBMCs at the plasma membrane surface and has a long cytoplasmic tail, which contains several signal motifs that mimic signal motifs seen in the BCR, adaptor proteins, and phosphatases critical in BCR signaling. These include two immunoreceptor tyrosine-based activation motifs (ITAMs), two immunoreceptor tyrosine-based inhibition motifs (ITIMs), and proline-rich domains (Reth, 1989 ; Cantor, 1996; Hamilton et al., 2002) . TM has also been shown to associate with the downregulatory phosphatase, SHP-1, in B cells from PL cattle .
In vitro culture for several hours is necessary to activate BLV and expression of viral proteins (Kettmann et al., 1980; Cantor et al., 1999) . As expected for uncultured PBMCs, there was no viral TM protein detectable by immunoblotting in unstimulated or uncultured, stimulated and warmed cells (data not shown). To determine if viral expression influenced BCR exclusion from lipid rafts in cells from PL cattle, PBMCs from these cattle were first cultured for 16 h to induce viral protein expression. The cells were then stimulated with anti-bovine IgM, or examined as unstimulated cells. As in previous experiments, immunoprecipitations of the BCR from fractions of cultured, TMexpressing cells showed no translocation of the BCR into LRF after anti-IgM stimulation (data not shown). TM could be immunoprecipitated from lipid rafts in both cultured, unstimulated and cultured, BCR-stimulated cells (Fig. 5) with the majority of the protein detected in the SMF. As a control for TM immunoprecipitation, protein-equivalent amounts of the fractions were immunoprecipitated with an irrelevant rabbit serum (designated "Neg" in Fig. 5) . In cultured cells, TM from the LRF averaged 18% of the total TM, and TM in the LRF of cultured, stimulated cells averaged 27% of the total TM. Although the amount of TM localized to the LRF increased with increasing BCR stimulation, the increase was not statistically significant (P Ͼ 0.05). Importantly, there was no appreciable change in localization of the BCR after expression of TM and other viral proteins. This experiment was performed in cultured, unstimulated cells from five cows and cultured, stimulated cells from two cows with similar results.
Discussion
Our data show that the BCR in B cells from BLVinfected, PL cattle resists translocation into lipid rafts after stimulation with anti-IgM. This is in striking contrast to the BCR in B cells from uninfected cattle where there is rapid movement of the BCR into lipid rafts after stimulation. Spatial coordination of immune receptors such as the BCR and TCR within specific membrane microdomains or lipid rafts plays an important role in regulating signaling pathways. In human and murine mature naive B cells, the BCR rapidly moves into lipid rafts upon binding of soluble antigen. This coordinates BCR association with doubly acetylated Src-family kinases (Petrie et al., 2000; Cheng et al., 1999) that are important for activation of many cytoplasmic signal pathways and assists in internalization of bound antigen together with the BCR (Stoddart et al., 2002) . The close proximity of the BCR with Src-family kinase members, already present in the rafts, and the exclusion of certain downregulatory phosphatases is likely to be critical for regulation of BCR function in mature B cells (Pierce, 2002) . However, in both immature and tolerant B cells, the same stimulus by soluble antigen fails to induce lipid raft localization of the BCR (Sproul et al., 2000; Chung et al., 2001; Weintraub et al., 2000) . Thus it could be that exclusion of the BCR from lipid rafts after antigen binding is associated with alterations in signal pathways leading to different biologic responses. Indeed, in both tolerant B cells (which have increased CD5 expression), and B-1 B cells expressing CD5, after anti-IgM stimulation, expression of nuclear signaling proteins differs from those seen in CD5-negative B cells stimulated with anti-IgM (Wong et al., 2002) . Of interest is the observation that the CD5 molecule also appears to play a role in resistance to apoptosis in tolerant B cells (Hippen et al., 2000) and in negative regulation of the BCR in long-lived B-1 B cells (Bikah et al., 1996) . We observed that the largely CD5 ϩ population of B cells in PL cattle resists BCR localization into lipid rafts after stimulation. These results are similar to what occurs in tolerant and immature murine B cells. Thus the reduced localization of the BCR to lipid rafts in largely CD5 ϩ B cells from PL cattle may help explain the BCR Fig. 4 . The BCR resists aggregation and internalization in stimulated cells from BLV-infected, PL cattle. (A) Cells from a PL cow or a BLV-negative cow were used unstimulated ("No ␣IgM") or stimulated with goat anti-bovine IgM, and warmed for the indicated times. Cells were then labeled with rabbit anti-bovine IgM, followed by Oregon green conjugated goat anti-rabbit antibody. The cells were subsequently stained with Texas red phalloidin to stain F-actin. (B) Two hundred B cells per slide were randomly selected and each cell was identified as having diffuse surface staining, punctate or surface aggregate staining, or internalization of the BCR. Means from five uninfected cattle (nonstimulated, or 30 min warmed) and three uninfected cattle (2.5 min warmed) are shown for each measured parameter. The mean from two PL cattle is shown. Error bars in the graph of data from uninfected cattle represent the standard deviation. The percentage of aggregated BCR at 2.5 min and the percentage of internalized BCR at 30 min warming for BLV-negative cattle were significantly higher compared to the same parameters for BLV-infected PL cattle as indicated with stars (P Յ 0.05). signal variations seen between these cells and the mostly CD5-negative B cells from uninfected cattle.
In addition to immunoprecipitation studies, we also employed confocal fluorescent imaging to evaluate the topography of the BCR on individual B cells. These data showed that in B cells from PL cattle, the amount of surface aggregation of the BCR after BCR stimulation was significantly less than that seen in B cells from BLV-negative cattle. The amount and intensity of BCR internalization as seen by F-actin colocalization was also reduced in B cells from PL cattle compared to B cells in normal cattle, which is consistent with reports showing BCR entry into lipid rafts facilitates internalization (Stoddart et al., 2002) . Indeed, in B cells from PL cattle stimulated for 30 min with anti-IgM, only rare cells were seen that showed the intensity of BCR aggregation and internalization common in B cells from BLV-negative cattle (Fig. 4A) . Several studies have suggested a link between signaling through the BCR and internalization of antigen by the BCR (Parent et al., 2002; Cassard et al., 1998; Lankar et al., 1998) . Internalization of antigen bound to the BCR plays a role in antigen processing and in downregulation of the BCR from the cell surface. The inability of the B cells in PL cattle to form dense aggregation of IgM at the plasma membrane (capping) after antigen stimulation may help explain the observed differences in outcomes of BCR signaling in these virally altered B cells compared to normal bovine B cells.
The data from human and murine CD5 ϩ B cells suggest these cells respond differently to IgM stimulus than CD5 Ϫ B cells, and CD5-expressing subsets may show resistance of the BCR to translocation into lipid rafts after IgM stimulation. Our data also show the BCR from CD5 ϩ B cells of BLV infected, PL animals has decreased movement into lipid rafts after stimulus. Whether the altered BCR response in PL cattle is directly associated or unassociated with the CD5 molecule is currently unclear. One possible interpretation of our results is that the CD5 ϩ B cells in PL cattle reflect expansion of a normal cell type, and this response is typical for bovine CD5 ϩ B cells. Since the CD5 molecule may be induced in both murine B cells (Cong et al., 1991; Wortis et al., 1995) and in B cells from cattle (Haas and Estes, 2000) by chronic soluble antigen exposure, chronic antigenic stimulation or other stimuli in BLV-infected PL cattle may be inducing expansion of a normally small subset of B cells. Alternately, these CD5 ϩ B cells may represent expansion of an abnormal population of cells. Evidence for this includes the observation that PBMCs from PL animals, which have large numbers of CD5 ϩ B cells, spontaneously proliferate in culture (Schwartz and L'evy, 1994) in contrast to human and murine B-1a B cells, which are long-lived in culture, but do not spontaneously proliferate (Berland and Wortis, 2002) . Also, recent observations show that the CD5 molecule is dissociated from the BCR in B cells from BLV-infected, PL cattle (Cantor et al., 2001) , which are resistant to apoptosis after BCR stimulation. This effect can be induced in murine B cells (Bikah et al., 1996) , and in B cells from cattle (Cantor et al., 2001 ) by experimentally dissociating the CD5 molecule from the BCR prior to stimulation with anti-IgM.
In our studies the effects of stimulation on BCR localization in B cells from BLV-infected, PL cattle were seen equally in uncultured cells and in cells cultured to induce expression of BLV proteins, including TM. Other viral infections have been shown to influence lipid raft association of signaling proteins. For instance in EBV-infected B cells, latent membrane protein (LMP)-1 is constitutively expressed and mimics activated CD40 within lipid rafts (Higuchi et al., 2001; Clausse et al., 1997) . EBV LMP2A has been shown to exclude the BCR from lipid rafts, dependent on the ITAM motif (Dykstra et al., 2001) . In BLV infection, there is no appreciable expression of viral proteins on the cell surface in freshly isolated, ex vivo PBMCs (Kettmann et al., 1980) , although viral protein expression, especially envelope protein expression, occurs at low levels in vivo as demonstrated by persistent antibody production (Levy et al., 1980) . As expected in our experiments, no TM was seen in freshly isolated and stimulated cells at any warming time. After culture for 16 h to induce viral protein expression, TM was present within lipid rafts. However, we were unable to demonstrate an effect of BLV TM or other viral protein expression on the localization of the BCR into lipid rafts after stimulation. An increased amount of TM was expressed in the lipid rafts after BCR stimulation and warming. Localization of TM to lipid rafts may occur for the purpose of budding since many enveloped viruses have been shown to selectively bud from the lipid raft portion of the plasma membrane (Nguyen and Hildreth, 2000; Bavari et al., 2002; Brown et al., 2002; Vincent et al., 2000; Scheiffele et al., 1999; Pickl et al., 2001) .
Our study could not differentiate whether the lack of translocation by the BCR into lipid rafts in BLV-infected, PL cattle is due to a direct effect of virus or to expansion of a particular phenotype of cells in these cattle. Future studies will address the localization of coreceptor molecules, such as the CD5 molecule, in relation to lipid rafts in B cells from both PL cattle and BLV-uninfected cattle. Additionally, studies will determine which cytosolic and nuclear signal proteins are upregulated in BCR-stimulated CD5 ϩ B cells from PL cattle as opposed to B cells from BLV-negative cattle. The study of CD5 in B cells from an outbred population of animals may provide insight into the signaling pathways utilized by this molecule, which has been shown to be critical in natural immunity, autoimmunity, and many B cell neoplasms.
Materials and methods
Animals
Adult Holstein cows were part of a university dairy herd and were identified as BLV infected by positive serum ELISA (IDEXX Laboratories, Inc., Westbrook, ME) and PL by lymphocyte counts greater than 8000 cells/l for longer than 3 months (Dequiedt et al., 1999) . Uninfected cattle were identified by negative ELISA and were housed in the same herd.
Antibodies
Polyclonal goat anti-bovine IgM, biotin-labeled goat anti-bovine IgM, horseradish peroxidase (HRP) labeled goat anti-rabbit IgG, and HRP-labeled goat anti-mouse IgM were obtained from Kirkegaard & Perry Laboratories, Inc. (Gaithersburg, MD). Polyclonal rabbit anti-bovine IgM was obtained from Rockland, Inc. (Gilbertsville, PA). Polyclonal rabbit anti-Lyn antibody was obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Anti-bovine mouse monoclonal antibodies (MAb) were obtained from VMRD, Inc. (Pullman, WA) or were kindly provided by Dr. W.C. Davis, Washington State University. These antibodies recognize bovine (Bo) CD45 (GC6A, IgM), BoCD3 (MM1A, IgG1), BoIgM (PIG45A, IgG2b), BoCD5 (CACT105, IgG1), BoMHC class II DP-like molecule (H42A, IgG2a), and BoIL-2 receptor-␣ chain (CACT108, IgG2a). Monoclonal antibody CD172a that recognizes bovine monocytes and granulocytes (DH59B, IgG1) was also from Dr. W.C. Davis. Rabbit monospecific, polyclonal antibody against the cytoplasmic tail of the BLV transmembrane envelope protein gp30 was generated in our laboratory . Mouse monoclonal ColiS69A (IgG1), ColiS169A (IgG2b), and ColiS205A (IgG2a), and ColiS52A (IgM) were used as isotype controls and serum from a rabbit immunized with an irrelevant peptide (R143, generated in our laboratory) was used as control serum.
Lymphocyte isolation and enrichment
Whole blood was collected from cattle by venipuncture into 10% acid citrate-dextrose (ACD). PBMCs were purified as previously described . Washed PBMCs were used directly after isolation, or cultured for 16 h in RPMI plus 10% fetal bovine serum (FBS), 100 M streptomycin, and 100 U penicillin at 37°C and 5% CO 2 . To enhance numbers of B lymphocytes obtained from BLVnegative cattle, passive panning was used to remove significant numbers of T lymphocytes (Estes et al., 1994) . Briefly, whole blood was treated with 4% carbonyl iron for 30 min at 37°C. PBMCs were then purified following the same protocol as for BLV-infected, PL animals. The PBMCs were then resuspended in panning solution [3% bovine serum albumin (BSA), fraction V with 0.9 mM Mg 2ϩ , and 1.25 mM Ca 2ϩ in Hank's balanced salt solution, pH 7.4] and allowed to adhere for 1 h in flasks at room temperature, with occasional swirling. Nonadhered cells (largely T cells) were poured off and adhered cells were gently removed and then used similarly to PBMCs from BLV-infected, PL animals. To control for the possible effects of panning on B cell responses, PBMCs from one BLV-positive, PL cow were also panned and responses to BCR stimulation were compared to the responses of nonpanned PBMCs.
BCR stimulation
For BCR stimulation, purified cells in RPMI were first incubated on ice with 15 g/ml of anti-bovine IgM antibody (either polyclonal goat or polyclonal rabbit) for 30 min to bind antibody to the BCR. Nonstimulated cells were similarly incubated in media alone. Subsequently, the cells were then washed twice in ice-cold PBS and either returned to ice or warmed to 37°C for the indicated times ("Min at 37°," Figs. 2-4) to enhance movement of membrane proteins into lipid rafts. The addition of excess ice-cold PBS was used to stop stimulation and the cells were then washed twice in ice-cold PBS. Stimulation of cells after 16-h culture to express viral proteins followed the same protocol. PBMCs were cultured for 16 h, then washed twice in ice-cold PBS, and counted using trypan blue dye exclusion of dead cells. After culture, the cells were kept cold and stimulated as above.
Flow-cytometric analysis
Single and dual color staining were performed as previously described Stone et al., 1995) . Briefly, 5 ϫ 10 5 to 1 ϫ 10 6 cells/well were single or dual labeled with MAb for 30 min at 4°C, followed by three washes. Secondary antibody labeled with either fluorescein isothiocyanate (FITC) or phycoerythrin (PE) (SouthernBiotech, Birmingham, AL) was added and incubated for an additional 30 min at 4°C in the dark. Cells were then washed twice and fixed in PBS with 2% formaldehyde. Data on 5000 cells from each cow were analyzed for percentages of T cells, B cells, monocytes, and granulocytes and for B cell levels of MHC class II and IL-2R expression were as previously described (Stone et al., 1995 (Stone et al., , 1997 . Labeled cells were enumerated with a FACSort (BD Biosciences Inc., San Diego, CA) and the data were analyzed with CELLQUEST software.
Sucrose gradient fractionation
Cells were fractionated following previously published protocols for lipid raft fractionation (Deans et al., 1998) . Briefly, 1 ϫ 10 8 cells were lysed in 1 ml of 1% Triton X lysis buffer [1% Triton-X100, with 150 mM NaCl, 25 mM 2-[N-morpholino] ethane sulfonic salt (MES) (pH 6.5), 1 mM EDTA], protease inhibitors [10 g/ml aprotinin, 1 M pepstatin, 100 M leupeptin, and 1 mM phenyl-methylsulfonyl fluoride (PMSF)], and 0.2 mM Na 2 VO 3 to inhibit phosphatase activity. After 10 min on ice, 1 ml of cell lysate was Dounce homogenized (10 strokes) and mixed with 1 ml of 80 -86% sucrose in MES-buffered saline (MBS) (25 mM MES pH 6.5, 150 mM NaCl). This was then layered with 6 ml of 30 -32% sucrose in MBS with 1 mM PMSF and Na 2 VO 3 , and 4 ml 5-6% sucrose in MBS with 1 mM PMSF and Na 2 VO 3 . The samples were ultracentrifuged in a Beckman SW41 Ti rotor at 200,000g for 8 -16 h at 4°C, and after centrifugation, twelve 1 ml fractions were collected. According to previously published protocols, in B cells lysed in cold 0.5-1% Triton-X lysis buffer, the low-density, detergent-insoluble fractions (lipid raft fractions) contain the Src-family kinase, Lyn, exclude the phosphatase CD45, and localize at the 5-30% interface. The detergent-soluble membrane fractions localize within the 40% sucrose gradient and at the 30 -40% gradient interface (Aman and Ravichandran, 2000; Petrie et al., 2000) . Based on our preliminary data and published data from other laboratories, fractions 3-5 at the 5-30% interface were pooled as the lipid raft fraction and fraction 10 -12 at the 30 -40% interface and below were pooled as the soluble membrane fraction.
Immunoblotting and immunoprecipitation
Identification of fractions was confirmed by immunoblotting for expression of Lyn in the LRF and lack of detection of CD45 in the LRF. CD45 and Lyn localization within specific fractions was initially determined in each of 12 fractions and later in pooled LRF and SMF. Aliquots (100 l) of each fraction examined were mixed with 4ϫ sample buffer and separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). Proteins were then transferred to nitrocellulose membranes and the membranes were blocked 1 h in PBS/0.1% Tween 80 with 5% milk. The membranes were immunoblotted with polyclonal rabbit anti-Lyn antibody, washed, and then immunoblotted with goat anti-rabbit IgG-HRP. After detection using a chemiluminescent system (Supersignal West Pico, Pierce, Inc., Rockford, IL), the membranes were stripped for 45 min in 100 mM ␤-mercaptoethanol; 2% SDS, and 62.5 mM Tris, pH 6.8. The membranes were then washed, reblocked, and immunoblotted with monoclonal anti-CD45 antibody (1 g/ml) followed by goat anti-mouse IgM-HRP.
To detect the BCR and TM proteins, immunoprecipitation was performed followed by immunoblotting. For the BCR, surface proteins on intact cells were biotin labeled with NHS-LC-biotin (Pierce) for 45 min at 4°C, after antiIgM stimulation. After biotinylation of surface proteins, cells were extensively washed in ice-cold PBS with one treatment of 1 l/ml of 1 M glycine to quench the biotin. These cells were then lysed and sucrose was fractionated as described above. To compensate for variable protein content between the LRF and SMF (Petrie et al., 2000) , a BCA protein assay was performed on the fractions according to manufacturer's instructions (Pierce) . BCR and TM proteins were then immunoprecipitated using protein-equivalent amounts of the LRF and SMF. Fractions were mixed with equal amounts of RIPA lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, and 0.1% SDS with protease inhibitors) to solubilize lipid rafts, and anti-bovine IgM antibody, anti-TM antibody, or suitable control antibodies were added. The antigen/antibody mixture was rotated for 3 h to overnight at 4°C and then incubated with Protein G Sepharose beads (Pierce) for 30 min at 4°C. Immunoprecipitates were washed on ice two times in RIPA lysis buffer plus 150 mM NaCl and 0.2 mM Na 2 VO 3 and three times in PBS plus 0.2 mM Na 2 VO 3 , separated by SDS-PAGE, and transferred to nitrocellulose. Membranes to be probed for BCR were blocked in PBS/ 0.1% Tween 80 plus 1% casein (Sigma-Aldrich, St. Louis, MO), then probed for 30 min at room temperature with streptavidin-HRP, and detected by chemiluminescence to determine surface-labeled BCR. These membranes were then stripped and reprobed with anti-bovine IgM to detect any internalized BCR. TM membranes were blocked in PBS/0.1% Tween 80 plus 5% milk, then probed with anti-TM antibody for 1 h at room temperature, washed, and probed with secondary goat anti-rabbit antibody for 30 min. After final washing the membranes were developed with chemiluminescence.
Confocal microscopy
PBMCs from BLV-negative and BLV-infected, PL cattle were stimulated and warmed as described above, for the times indicated in Fig. 4 . After washing four times in icecold PBS, the cells were centrifuged onto poly-L-lysine (0.1%, wt/vol; Sigma-Aldrich)-coated slides for 3 min at 600 rpm. The slides were air dried and then fixed in 4% formaldehyde/PBS for 15 min. After washing with PBS, the cells were permeabilized in 1% Triton X100/PBS for 5 min and then stored at Ϫ80°C until used. Slides were warmed and blocked at room temperature in PBS/0.05% Tween 80 with 10% normal goat serum and 2% casein for 1 h. Slides were incubated in either rabbit anti-bovine IgM or an irrelevant rabbit serum as a control, for 1 h at room temperature. After washing in PBS/0.05% Tween 80, slides were incubated in Oregon Green 488 goat anti-rabbit IgG (Molecular Probes, Eugene, OR). Slides were washed and incubated in Texas Red-X phalloidin (Molecular Probes) to label F-actin and then coverslipped with antifade medium (Vectashield, Vector Laboratories, Burlingame, CA). The cells were analyzed using a laser scanning confocal system (MRC 1024, Bio-Rad, Hercules, CA). Two hundred B cells per experiment were examined and the percentage of B cells in each of the following categories was determined: (1) diffuse surface BCR staining, (2) surface aggregation of the BCR, or (3) BCR internalization. These categories were based on our results and previous literature (Brown and Song, 2001; Phee et al., 2001) . B cells were categorized as having diffuse surface BCR staining if relatively homogenous surface staining was visualized. B cells were categorized as having surface aggregation of the BCR if two or more areas of bright BCR staining greater that 0.3 m in diameter were present on the plasma membrane in midsection scans of the cell or if cells had bright BCR staining localized to one hemisphere of the plasma membrane with or without F-actin colocalization. In BLV-negative cows, B cells were categorized as having BCR internalization if Ͼ80% of the BCR staining was densely localized below the plasma membrane and colocalized with F-actin. In BLV-infected, PL cows, only rare cells had as much as 80% densely localized BCR below the plasma membrane. Therefore, B cells were categorized to have internalized BCR if Ͼ50% of the BCR staining was clustered in one quadrant as multiple, brightly staining accumulations that colocalized with F-actin below the plasma membrane.
Statistical analysis
Band densities were compared by densitometry using an IS-1000 digital imaging system (Alpha Innotech, San Leandro, CA) and the data were normalized to the density of the BCR band in the SMF of unwarmed, unstimulated cells (considered to be 100%). ANOVA was used to compare densitometry values of BCR band intensities for LRF of all stimulation and warming times within BLV-negative groups and also within BLV-infected PL groups (Figs. 2B and 3B) and percentage of cells in BCR staining categories for confocal imaging (Fig.  4B ). Values of P Յ 0.05 were considered significant. A Student's t test was used to assess densitometry values of LRF for each stimulation and warming time between BLV-negative and BLV-infected, PL cattle.
